SILICON NITRIDE MEMBER, METHOD FOR MANUFACTURING 
THE SAME, AND CUTTING TOOL 



BACKGROUND OF THE INVENTION 

1 . Field of the invention 

The present invention relates to a silicon nitride member including a 
substrate formed through sintering of a silicon nitride material, and a hard film 
5 formed on the surface of the substrate, as well as to a method for 
manufacturing the same and to a cutting tool. 

2. Description of the Related Art 

Conventionally, in order to enhance wear resistance of a sintered 
member, such as a ceramic member, the surface of a substrate of, for example, 
1 0 a sintered silicon nitride member is coated with a hard film composed of hard 
components, such as TiCN. 

Examples of the above-mentioned coating method include a CVD 
(chemical vapor deposition) process and a PVD (physical vapor deposition) 
process, in which hard components are deposited on the substrate surface to 
1 5 thereby form a hard film on the same. 

When a sintered member coated with a hard film was used as, for 
example, a cutting tool, the cutting tool (a coated tool) exhibited significantly 
enhanced wear resistance. 

In recent years, applications of a coated tool have been shifting toward 
20 heavy cutting, which involves a heavy cutting load. Under the circumstances, 



even a coated tool has been required to exhibit a certain level of resistance to 
chipping, in addition to high wear resistance. 

According to the CVD process or the PVD process mentioned above, 
hard components are deposited at high temperature, thus involving the 
5 following problems: because of difference in coefficient of thermal expansion 
between the hard film and the substrate, stress remains in the substrate surface; 
and high temperature employed during deposition modifies the substrate 
surface. As a result, the strength of the substrate coated with the hard film is 
impaired as compared with that of the bare substrate. 
1 0 SUMMARY OF THE INVENTION 

The present invention has been achieved in view of the above 
problems, and an object of the present invention is to provide a silicon nitride 
member exhibiting little impairment in strength even when a substrate thereof 
is coated with a hard film, and exhibiting excellent resistance to chipping and 
15 wear resistance, as well as to provide a method for manufacturing the same 
and to provide a cutting tool. 

The present inventors have conducted extensive studies on a silicon 
nitride member in an attempt to minimize impairment in the strength of a 
substrate thereof coated with a hard film (a coating film) as compared with 
20 that of the bare substrate, and have found the following. 

A tensile stress remaining in the substrate surface is the primary cause 
for impairment in the strength of the substrate of a silicon nitride member (a 
sintered member) obtained through sintering. In cooling the substrate after 



coating at high temperature with a hard film, the difference in coefficient of 
thermal expansion between the hard film (high coefficient of thermal 
expansion) and the substrate (low coefficient of thermal expansion) causes the 
residual stress. 

5 In recent years, because of advancement of sintering technology and in 

order to improve wear resistance, the sintering-aid content of a silicon nitride 
member tends to be reduced. As a result, the coefficient of thermal expansion 
of the substrate surface becomes low. When the substrate is coated with 
popular AI2O3, TiCN, or the like, which constitute a hard film, the difference 

10 in coefficient of thermal expansion between the substrate and the hard film 
becomes more significant. 

Specifically, as the difference in coefficient of thermal expansion 
between the substrate and the hard film increases, a tensile stress remaining in 
the substrate surface increases, with a resultant impairment in strength of the 

15 substrate coated with the hard film. Thus, an important consideration is to 
minimize the difference in coefficient of thermal expansion between the 
substrate and the hard film. 

According to a conceivable measure for minimizing the difference in 
coefficient of thermal expansion between the substrate and the hard film, a 

20 silicon nitride member is caused to assume a composition of high sintering-aid 
content, or a composition of low sintering-aid content, as mentioned above, 
combined with optimization of sintering conditions, to thereby suppress to the 
extent possible volatilization of a grain boundary phase (a glass phase of 



sintering aids formed on the surface of a silicon nitride grain) formed on the 
substrate surface as schematically shown in Fig. 1 of the accompanying 
drawings. 

However, when the amount of a grain boundary phase is increased 
5 through addition of a large amount of sintering aids or through suppression of 
volatilization of the grain boundary phase, the difference in coefficient of 
thermal expansion decreases, but wear resistance of the substrate itself is 
impaired. As a result, even when the substrate is coated with the hard film, 
sufficient wear resistance cannot be obtained, so that the intended effect of 
10 coating cannot be yielded. 

Thus, in order to maintain good wear resistance and a certain level of 
resistance to chipping of a silicon nitride member coated with a hard film, an 
important consideration is to control volatilization of a grain boundary phase, 
which is formed on the surface of a substrate during sintering of the substrate, 
15 so as to establish an appropriate amount of a grain boundary phase. On the 
basis of the finding, the present invention has been achieved. 

The present invention and its preferred features and aspects will next 
be described. 

(1) The present invention provides a silicon nitride member 
20 comprising a substrate formed through sintering of a silicon nitride material, 
and a hard film formed on a surface of the substrate. The silicon nitride 
member is characterized in that, when the bending strength of the substrate as 
measured before the substrate is coated with the hard film is taken as 100%, 



the bending strength of the silicon nitride member as measured after the 

substrate is coated with the hard film is 70% to 95%. 

According to the present invention, when the bending strength of the 

substrate as measured before the substrate is coated with the hard film is taken 
5 as 100%, the bending strength of the silicon nitride member as measured after 

the substrate is coated with the hard film is 70% to 95%. That is, the silicon 

nitride member exhibits a high bending strength of not less than 800 MPa 

when measured after the substrate is coated with the hard film, as described 

below in the Examples. 
10 Since the silicon nitride member of the present invention has higher 

strength as compared with a conventional counterpart, resistance to chipping is 

excellent. Also, coating with the hard film imparts excellent wear resistance. 

Because of excellent wear resistance and resistance to chipping, the silicon 

nitride member of the present invention favorably serves as a material, e.g., for 
15 a cutting tool. 

(2) Preferably, a change in weight of the substrate associated with 

sintering is 1.5% to 3.5% by weight. 

When the change in weight of the substrate associated with sintering is 

less than 1.5% by weight, impairment in the strength is not very great, but, for 
20 example, practically desirable wear resistance is not obtained. When the 

change in weight is in excess of 3.5% by weight, the strength after coating is 

greatly impaired. 
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According to a preferred aspect of the present invention, a change in 
weight of the substrate associated with sintering is 1.5% to 3.5% by weight. 
Therefore, the silicon nitride member has high strength (thus high resistance to 
chipping) and high wear resistance, and is thus preferably applicable, for 
5 example, to a cutting tool. 

Notably, a change in weight of the substrate associated with sintering 
is called the volatilization rate. Herein, the change in weight (volatilization 
rate) is expressed as the difference between the weight of a debindered body 
before sintering and the weight of a primary sintered body divided by the 
1 0 weight of the primary sintered body. 

(3) A further aspect of the present invention provides a silicon nitride 
member comprising a substrate formed through sintering of a silicon nitride 
material, and a hard film formed on a surface of the substrate. The silicon 
nitride member is characterized in that, when the amount of a grain boundary 
15 phase as measured at a central portion of the substrate is taken as 100% by 
volume, at least one of the following conditions (1) to (5) is satisfied. 

(1) The amount of a grain boundary phase as measured in the vicinity 
of a depth of 100 jam from the surface of the substrate is less than 30% by 
volume; 

20 (2) The amount of a grain boundary phase as measured in the vicinity 

of a depth of 200 um from the surface of the substrate is 30% to 50% by 
volume; 
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(3) The amount of a grain boundary phase as measured in the vicinity 
of a depth of 300 um from the surface of the substrate is 50% to 70% by 
volume; 

(4) The amount of a grain boundary phase as measured in the vicinity 
5 of a depth of 400 jam from the surface of the substrate is 70% to 85% by 

volume; and 

(5) The amount of a grain boundary phase as measured in the vicinity 
of a depth of 500 jam from the surface of the substrate is 85% to 100% by 
volume. 

10 According to the present invention, when the amount of a grain 

boundary phase as measured at a central portion of the substrate is taken as 
100% by volume, the amount of a grain boundary phase in a region located in 
the vicinity of a predetermined depth (i.e., a region located in a surface portion 
of the substrate) from the surface (so-called sintered skin) of the substrate 

15 assumes the above-mentioned value in % by volume. That is, the amount of a 
grain boundary phase tends to vary continuously when measured up to a depth 
of approximately 500 urn. 

Accordingly, the thus-configured silicon nitride member has higher 
strength (thus higher resistance to chipping) and higher wear resistance as 

20 compared with a conventional counterpart, and is thus favorably applicable for 
use, for example, as a cutting tool. 
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Notably, the amount of a grain boundary phase can be obtained, for 
example, through image analysis of a scanning electron micrograph (a 
photograph taken by means of an SEM), as, for example, the area ratio of a 
grain boundary phase to the entire image. 
5 The central portion of the substrate can be, for example, a region 

extending radially at a radius of 500 um from the barycenter of the substrate (a 
region in the vicinity of the barycenter), but is preferably the barycenter of the 
substrate. The vicinity of a predetermined depth a (for example, 300 um) 
from the substrate surface can range from +50 um to -50 um in the thickness 
10 direction with respect to the depth a (for example, 300 um) from the substrate 
surface, but is preferably the depth a. 

(4) Preferably, as in the case of aspect (2) above, a change in weight 
of the substrate associated with sintering is 1.5% to 3.5% by weight. 
Therefore, the silicon nitride member of the present aspect has high strength 

15 (thus high resistance to chipping) and high wear resistance, and is thus 
preferably applicable, for example, as a cutting tool. 

(5) A further aspect of the invention provides a method for 
manufacturing a silicon nitride member described above, which method is 
characterized in that a condition employed in sintering the substrate is adjusted 

20 such that a change in weight of the substrate associated with sintering is 1.5% 
to 3.5% by weight. 



According to this aspect of the present invention, when the substrate 
made of a silicon nitride material is to be sintered, a sintering condition is 
adjusted such that a change in weight of the substrate associated with sintering 
is 1.5% to 3.5% by weight. Thus, when, subsequent to sintering, the substrate 
5 surface is coated with a hard film to thereby yield a silicon nitride member, the 
difference in coefficient of thermal expansion between the substrate and the 
hard film is small. 

Therefore, the thus-obtained silicon nitride member has high strength 
(thus high resistance to chipping) and high wear resistance, and is thus 
1 0 preferably applicable, for example, as a cutting tool. 

Notably, sintering conditions include the maximum temperature during 
sintering and gas pressure (nitrogen gas pressure) during sintering. For 
example, through increase in the maximum temperature during sintering, the 
change in weight can be increased. By contrast, through increase in gas 
1 5 pressure, the change in weight can be decreased. 

(6) Preferably, the method according to the present aspect of the 
invention for manufacturing a silicon nitride member, comprises the steps of: 
heating the substrate at a temperature of 1800°C to 1900°C for 60 to 180 
minutes in a nitrogen atmosphere pressurized at 2 to 6 atmospheres; 
20 subsequently lowering the temperature to a range of 1550°C to 1650°C; and 
maintaining the substrate at the reduced temperature for 60 to 180 minutes 
under a reduced pressure not higher than 13 kPa. 



A change in weight of the substrate associated with sintering (for 
example, a state of volatilization as represented by a volatilization rate) cannot 
be easily controlled. However, through control of the volatilization by means 
of the method of the present invention, a desired silicon nitride member can be 
5 obtained. 

According to the present aspect of the invention, the substrate is 
densified in a pressurized nitrogen atmosphere, and then the temperature is 
lowered to a temperature at which silicon nitride does not decompose, 
followed by heat treatment under reduced pressure to thereby appropriately 
1 0 volatilize a grain boundary phase without decomposition of silicon nitride . 

According to the present aspect of the invention, the temperature is 
lowered to a temperature range of 1550°C to 1650°C for the following reason. 
At a temperature lower than 1550°C, the grain boundary phase fails to be 
sufficiently volatilized. At a temperature higher than 1650°C, silicon nitride 
15 decomposes. The substrate is heat-treated at a pressure not higher than 13 
kPa, since at a pressure higher than 13 kPa, the grain boundary phase fails to 
be sufficiently volatilized (regardless of temperature). 

Manufacture of the silicon nitride member involves a debindering 
process, a primary sintering process, and an HIP (hot isostatic press) process. 
20 In the present invention, the step for heating the substrate at respective 
temperatures corresponds to the primary sintering process. 

(7) A further aspect of the invention provides a cutting tool formed of 
a silicon nitride member described in any one of aspects (1) to (4) above. 
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A cutting tool formed of a silicon nitride member having the above- 
mentioned properties exhibits excellent wear resistance and resistance to 
chipping, and is thus favorably applicable not only to normal cutting but also 
to heavy cutting, which involves a heavy cutting load. 
5 The aforementioned silicon nitride member having excellent wear 

resistance and resistance to chipping is applicable not only to cutting tools but 
also, for example, to wear resistant members of automobile engine 
components and rotary tools, such as drills and end mills. 

Examples of the aforementioned silicon nitride material include sialon 
10 and a mixture of silicon nitride, such as a-Si 3 N 4 , and sintering aids, such as 
MgO, AI2O3, Yb 2 0 3 , Y 2 0 3 , Zr0 2 , Hf 2 0 3 and Er 2 0 3 . 

Hard components serving as material for the hard film include A1 2 0 3 , 
TiCN, TiN, and TiC. 

The hard film may assume the form of a single layer of a single hard 
15 component or a multilayer of the same hard component or different hard 
components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing the internal structure of a silicon 
nitride member. 

20 Fig. 2 is a perspective view showing a cutting tool according to an 

embodiment of the present invention. 

Fig. 3 is a schematic enlarged sectional view of the cutting tool 
according to the embodiment. 
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Fig. 4 comprises photographs showing the cutting tool according to the 
embodiment, wherein (a) is a photograph of a surface of the substrate taken 
with a scanning electron microscope, and (b) is a photograph of a center 
portion of the substrate taken with the scanning electron microscope. 
5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of a silicon nitride member, a method for manufacturing 
the same, and a cutting tool according to the present invention will next be 
described. However, the present invention should not be construed as being 
limited thereto. 

10 a) First, a cutting tool formed of a silicon nitride member according to 

the present embodiment will be described. 

As shown in Fig. 2, a cutting tool 1 of the present embodiment is a 
ceramic insert assuming the SNGN120412 shape prescribed in ISO Standards 
1832.2 (1984); i.e., a substantially square plate-like shape. 

15 As shown in Fig. 3, the cutting tool 1 includes a substrate 3 formed 

through sintering of a silicon nitride material, and a hard film (coating film) 5 
composed of a plurality of hard-component layers and having a thickness of 
2.0 jam. 

The cutting tool 1 of the present embodiment is characterized in that, 
20 when the amount of a grain boundary phase as measured at a central portion of 
the substrate 3; for example, at the barycenter, is taken as 100% by volume, 
the amount of the grain boundary phase (% by volume) gradually increases 
over the range from the surface (sintered skin) of the substrate 3 to a depth of 



500 um. Specifically, the amount of the grain boundary phase as measured at 
a depth of 100 um from the surface of the substrate 3 is less than 30% by 
volume; the amount of the grain boundary phase at a depth of 200 urn is 30% 
to 50% by volume; the amount of the grain boundary phase at a depth of 300 
5 um is 50% to 70% by volume; the amount of the grain boundary phase at a 
depth of 400 um is 70% to 85% by volume; and the amount of the grain 
boundary phase at a depth of 500 um is 85% to 100% by volume. 

When the bending strength of the substrate 3 as measured before the 
substrate 3 is coated with a hard film 5 is taken as 100%, the bending strength 
1 0 of the cutting tool 1 as measured after the substrate 3 is coated with the hard 
film 5 is 70% to 95%. A change in weight of the substrate 3 associated with 
sintering is 1.5% to 3.5% by weight. 

The above-mentioned features of the present embodiment impart high 
wear resistance and high strength (thus high resistance to chipping) to the 
1 5 cutting tool 1 . 

b) Next, a method for manufacturing the cutting tool 1 according to 
the present embodiment will be described. 

First, the following materials are measured out: 97% by weight oc- 
SisN4, which serves as a main component and has an average grain size not 
20 greater than 1.0 um; and 0.5% by weight MgO, 1.0% by weight A1 2 0 3 , and 
1.5% by weight Yb2C>3, which serve as sintering aids and have an average 
grain size not greater than 1.0 um. 
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The thus-measured materials are placed in a pot lined with SisN4 and 
mixed for 96 hours by use of SisN4 balls and an ethanol solvent to thereby 
yield a slurry. 

The thus-obtained slurry is sieved through a 325-mesh sieve. A micro- 
5 wax-type organic binder dissolved in ethanol is added to the sieved slurry in 
an amount of 5.0% by weight, followed by spray drying. 

The thus-granulated powder is compacted into the SNGN120412 shape 
prescribed in ISO Standards 1832.2 (1984). The resulting compact is placed 
in a heating apparatus and debindered at 600°C for 60 minutes in a nitrogen 
10 atmosphere of 1 atmosphere. 

The thus-debindered compact undergoes primary sintering under the 
following conditions. 

The debindered compact is heated at a temperature of 1800°C to 
1900°C for 60 to 180 minutes in a nitrogen atmosphere pressurized at 2 to 6 
15 atmospheres; subsequently, the temperature is lowered to a range of 1550°C to 
1650°C; and the debindered compact is maintained at the reduced temperature 
for 60 to 1 80 minutes under a reduced pressure not higher than 1 3 kPa. 

In the present embodiment, conditions of the above-mentioned 
sintering process were adjusted such that the difference between the weight of 
20 the debindered compact measured before sintering and the weight of the 
debindered compact measured after primary sintering (the weight of a primary 
sintered body) divided by the weight of the primary sintered body falls within 
a range of 1.5% to 3.5% by weight. 



In this case, the weight of the debindered compact and the weight of 
the primary sintered body are measured to thereby obtain a change in weight 
associated with sintering. 

Next, secondary sintering is performed by means of HIP. Specifically, 
5 the primary sintered body is heated at a temperature of 1600°C to 1800°C for 
120 minutes in a nitrogen atmosphere pressurized at 1000 atmospheres, 
thereby yielding a sintered silicon nitride body. 

The thus-obtained sintered silicon nitride body is machined into the 
SNGN120412 cutting-tool shape (specifically, the shape of the substrate 3 of 
10 the cutting tool 1). 

Next, the hard film (coating film ) 5 composed of hard components is 
formed on the surface of the substrate 3 by a CVD process. 

Specifically, a TiCN layer (0.2 (am thick), an A1 2 0 3 layer (0.5 um 
thick), a TiCN layer (0.2 um thick), an A1 2 0 3 layer (0.5 um thick), a TiC layer 
15 (0.2 um thick), a TiCN layer (0.2 (am thick), and a TiN layer (0.2 um thick) 
were formed in that order on the substrate 3, thereby forming the hard film 5 
having a thickness of 2.0 um on the surface of the substrate 3. 

Thus, a silicon nitride member composed of the substrate 3 and the 
hard film 5, which is formed on the surface of the substrate 3; i.e., the cutting 
20 tool 1 of the present embodiment was completed. 
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Next will be described experiments conducted in order to confirm the 
effects of the present invention. 

First, samples of Example Nos. 3, 4, 6, 9, and 12 to 14, which fall 
5 within the scope of the present invention, were manufactured by the method 
described previously in the Embodiments section. 

The samples assumed the form of a test piece for use in the 3 -point 
bending test prescribed in JIS R1601 (1981) and were manufactured under the 
heat treatment conditions (conditions of primary sintering) shown below in 
1 0 Table 1 . Twenty samples were manufactured for each of the Examples. Of 
the 20 samples, 10 samples were not coated with a hard film, and 10 other 
samples were coated with a hard film. Also, for use in a wear resistance test, 
10 cutting tool samples were manufactured for each of the Examples by the 
method described previously in the Embodiments section. 
15 Samples of Comparative Example Nos. 1, 2, 5, 7, 8, 10, 11, and 15 to 

17, which fall outside the scope of the present invention, were manufactured. 

The samples assumed the form of a test piece for use in the bending 
test and were manufactured under the heat treatment conditions (conditions of 
primary sintering) shown below in Table 1. Twenty samples were 
20 manufactured for each of the Comparative Examples. Of the 20 samples, 10 
samples were not coated with a hard film, and 10 other samples were coated 
with a hard film. Also, for use in a wear resistance test, 10 cutting tool 
samples were manufactured for each of the Comparative Examples. 



(1) When the samples of the Examples and the Comparative Examples 
were manufactured, the samples were measured for a change in weight 
(volatilization rate) associated with primary sintering. The average of 
measured values was calculated for each of the Examples and the Comparative 

5 Examples. The results are shown in Table 2. 

(2) Ten samples of each of the Examples and the Comparative 
Examples were subjected to the 3-point bending test prescribed in JIS R1601. 
The average of measured values of 1 0 samples was calculated for each of the 
Examples and the Comparative Examples, with respect to bending strength 

10 before coating with the hard film and bending strength after coating with the 
hard film. The results are shown in Table 2. 

(3) The strength of a sample after coating with the hard film was 
divided by that before coating with the hard film. The resulting value was 
expressed as a percentage expressed as the strength ratio. The results are 

1 5 shown in Table 2. 

(4) The cutting tools of the Examples and the Comparative Examples 
were chamfered (0.2 mm x 25°) at the nose thereof. Then, the cutting tools 
were subjected to cutting under the following conditions: 

Workpiece material: FC200 (plain cast iron) prescribed in JIS G5501 
20 (1989) 

Cutting speed: 100 m/min 
Feed rate: 0.1 mm/rev 
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Depth of cut: 1.0 mm 
Cutting time: 60min 

The cutting tools were measured for the amount of flank wear and the 
amount of notch wear. The results are shown in Table 2. 
5 (5) The microstructures of the cutting tool samples before coating with 

the hard film were observed in the following manner. The surface of a 
substrate and the central cut surface of the substrate were polished to mirror 
finish. The microstructure of the polished surfaces was observed with a 
scanning electron microscope (SEM). 

10 Specifically, a surface of the substrate (a surface obtained through 

polishing an un-polished sintered body to a depth of 300 |um) was observed 
with the scanning electron microscope to thereby obtain a (SEM) photograph 
(magnification: 60000) of the microstructure of the surface (see Fig. 4(a)). 
Further, a central cut surface (specifically, a cut surface passing through the 

15 barycenter) of the substrate was observed with the scanning electron 
microscope to thereby obtain a photograph (magnification: 60000) of the 
microstructure of the central cut surface of the substrate (see Fig. 4(b)). 
Through analysis of the images of these photographs, the amount of the grain 
boundary phase was measured. 

20 It is to be noted that the "surface of the substrate" refers to a surface of 

an insert obtained by grinding a sintered body, and in general, refers to a 
surface obtained by removing, through grinding, a surface portion of the 
sintered body by an amount of 200 to 300 um. Through analysis of the image 



of the SEM photograph of the surface of the substrate, the ratio of a grain 
boundary phase in a region extending radially at a radius of 1.5 urn from a 
point located at a depth of 300 m from the surface of the substrate was 
obtained for use as the amount of a grain boundary phase of a surface portion 
5 of the substrate. Also, through analysis of the image of the SEM photograph 
of the central cut surface of the substrate, the ratio of a grain boundary phase 
in a region extending radially at a radius of 1.5 urn from the barycenter of the 
substrate was obtained for use as the amount of a grain boundary phase of a 
central portion of the substrate. The amount of a grain boundary phase of a 
10 surface portion of the substrate was divided by that of a central portion of the 
substrate. The resulting value was expressed in percentage as the amount of a 
grain boundary phase of the substrate surface (the amount of a grain boundary 
phase at a depth of 300 um). The results are shown in Table 2. 
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c) As seen from Tables 1 and 2, the samples of Example Nos. 3, 4, 6, 
9 and 12 to 14, which fall within the scope of the present invention, exhibited 
a volatilization of 1.5% to 3.5% by weight and an amount of grain boundary 
phase of 50% to 70% by volume as measured at the substrate surface. 
5 As a result, the samples of the Examples exhibited a strength ratio not 

less than 70, indicating a low impairment in strength after coating with the 
hard film. The samples also exhibited a small amount of flank wear not 
greater than 0.2 mm and a small amount of notch wear not greater than 0.22 
mm. Thus, the cutting tools of the Examples have excellent resistance to 

10 chipping and wear resistance and are thus favorably applicable not only to 
normal cutting but also, for example, to heavy cutting. 

By contrast, the samples of Comparative Example Nos. 1, 2, 5, 8, 11 
and 15 respectively exhibited a volatilization rate of 1, 1.1, 1.3, 1.3, 1.3 and 
1.3% by weight and an amount of grain boundary phase of 90%, 89%, 80%, 

15 80%, 81% and 86% by volume as measured at the substrate surface, 
respectively. 

As a result, the samples of the Comparative Examples exhibited a high 
strength ratio of 94.6, 92.2, 92.7, 95, 93.3 and 91.1. However, the samples 
exhibited a large amount of flank wear of 0.35, 0.35, 0.34, 0.33, 0.32 and 0.33 
20 mm and a large amount of notch wear of 0.31, 0.39, 0.35, 0.35, 0.33 and 0.4 
mm. Thus, the cutting tools of the Comparative Examples failed to exhibit 
sufficiently high resistance to wear. 
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The samples of Comparative Example Nos. 7, 10, and 16 respectively 
exhibited a volatilization rate of 3.7, 4 and 4% by weight and an amount of 
grain boundary phase of 48%, 40% and 42% by volume as measured at the 
substrate surface. 

5 As a result, the samples of the Comparative Examples exhibited a low 

strength ratio of 55.5, 54.9 and 51.3, although the samples exhibited a small 
amount of flank wear of 0.12, 0.13 and 0.13 mm and a small amount of notch 
wear of 0.11, 0.13 and 0.18 mm. Thus, due to low bending strength, the 
cutting tools of the Comparative Examples exhibited impaired resistance to 
1 0 chipping. 

The samples of Comparative Example No. 17 could not be evaluated, 
because silicon nitride was decomposed due to high heating temperature. 

The present invention is not limited to the above-described 
embodiments, but may be embodied in various forms without departing from 
1 5 the scope of the present invention. 

For example, the present invention is applicable not only to a square 
plate-like cutting tool but also to a triangular plate-like cutting tool. 

As described above, the silicon nitride member of the present invention 
exhibits merely a slight impairment in strength as measured after coating with 
20 the hard film, and thus has high wear resistance and high resistance to 
chipping. 
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According to the method for manufacturing a silicon nitride member of 
the present invention, a silicon nitride member having high wear resistance 
and high resistance to chipping can be readily manufactured. 

A cutting tool formed of the thus-manufactured silicon nitride member 
5 can exhibit long life under heavy-load working conditions. 

This application is based on Japanese Patent Application No. 2000- 
97741 filed March 31, 2000, Japanese Patent Application No. 2001-13260 
filed July 22, 2001, and Japanese Patent Application No. 2001-63490 filed 
March 7, 2001, the disclosures of which are incorporated herein by reference 
1 0 in their entirety. 
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